ABSTRACT On the basis of head capsule widths of Þeld-collected larvae, Cosmopolites sordidus (Germar) (Coleoptera: Curculionidae) was found to have Þve instars. Mean head capsule widths were 0.44, 0.71, 1.04, 1.48, and 1.85 mm for the Þrst to Þfth instars, respectively. The greatest growth ratio was recorded between the Þrst and second instar. Adult C. sordidus densities reached a peak in January with 2.4 adults per trap, and the lowest density recorded was during April with 0.7 adults per trap. Adult captures seems to be inßuenced by precipitation with higher captures after precipitation events.
Worldwide, the weevil Cosmopolites sordidus (Germar) (Coleoptera: Curculionidae) is the most important insect pest of banana Musa sapiens L. and plantain Musa paradisica L. (Ostmark 1974; Gold et al. 1998 Gold et al. , 2004a . The weevil has been implicated in the decline and disappearance of highland banana in central Uganda (Gold et al. 1998 (Gold et al. , 2004a Gold and Tushemereirwe 2002) and western Tanzania (Bosch et al. 1995) . In Puerto Rico, C. sordidus is considered the most important pest of plantains and bananas (Román et al. 1982, Inglé s and Rodrṍguez 1989) . Larval damage affects plant growth and development; reduces bunch weight and quality; and, in heavy infestations, it may cause the plant to snap at ground level before harvesting (Rukazambuga et al. 1998; Gold et al. 2004a,b) . In the Caribbean basin, marketable yield from C. sordidus damage may be reduced up to 90% (Román et al. 1982, Arleu and Neto 1984) ; worldwide, yield reductions range from 0 to 100% (Gorenz 1963 , Gold et al. 2001 . Yield reductions are inßuenced by crop cycle, with higher yield reductions in ratoon crops (Gold et al. 2004a,b) .
There is no consensus on the number of instars for the banana weevil; reports vary from Þve (Cendana 1922 , Beccari 1967 ), six (Koppenhofer and Reddy 1994 , Traore et al. 1996 , seven (Viswanath 1978 , cited by Gold et al. 1999 , and a variable number of instars ranging from Þve to eight (Mesquita et al. 1984 , Mesquita and Caldas 1986 , Schmitt 1993 . The variable number of instars is attributed to developmental polymorphism (Schmidt and Lauer 1977) , whereas Ochieng (2002) suggests the presence of biotypes.
In spite of the economic importance of the C. sordidus in the Caribbean basin (Román et al. 1982, Inglé s and Rodrṍguez 1989) , there is a paucity of information on the biological aspects of C. sordidus in the region. In Puerto Rico, C. sordidus control depends heavily on insecticide use to reduce adult populations (Román et al. 1982, Inglé s and Rodrṍguez 1989) , whereas little attention has been given to the development of integrated pest management (IPM) programs (Cruz and Segarra 1992) . Reports on developmental polymorphism and/or biotypes underline the need to study C. sordidus biology in the Caribbean basin. Knowledge of C. sordidus biology and population density is of utmost importance in developing IPM programs. In 1996 we initiated a research project to study the population dynamics and biology of C. sordidus in Puerto Rico. From this work, we report the number of instars of C. sordidus and adult abundance in the Þeld.
Materials and Methods
Larvae. To avoid effects of insecticide on larval development studies, plantain corms were collected at random from abandoned plantain Þelds with known history of no insecticide application on the Agricultural Experiment Station in Corozal (AES-C), Puerto Rico (18Ј 19.366 N, 66Ј 21.606 W; 231.6 m above sea level). Average precipitation in the area is 13.8 cm/ mo, and temperature ranges from 19 to 30ЊC. The soil is classiÞed as AquicTropudults with a pH of 5.0. Precipitation data were collected from a weather station located 2,000 m from the experimental plots.
Corms were uprooted between January 1996 to September 1997, placed in plastic bags, and moved to the laboratory for dissection. Larval samples were recovered by cutting corms in 1Ð2-cm pieces and inspected for larvae. Collected larvae were placed in a vial with 70% alcohol. To avoid missing the Þrst instar, adult weevils were hand picked from the corms, conÞned into a 1-liter jar provided with pieces of plantain corm (1Ð2 cm 2 ), and allowed to oviposit (Koppenhofer and Reddy 1994) . Corm pieces were inspected daily for the presence of eggs. Eggs were removed and incubated at room temperature in a petri dish with a moistened Þlter paper. Upon emergence, neonate larvae were placed in 70% alcohol.
Larvae were inspected under a stereoscope to measure head capsule widths (HCW). HCW were subjected to a logarithmic transformation, a frequency distribution analysis, and regression analysis (Gaines and Campbell 1935, SAS Institute 2001) . The Gaines and Campbell (1935) formula and DyarÕs constant (Dyar 1890) were used to represent head capsule growth. The percentage of larvae for each instar group was calculated to be 12, 12, 25, 26, and 25% for the Þrst to Þfth instar group, respectively. Adults. Two plantings were established at AES-C on 13 February and 23 June 1997, respectively. Corms were planted 1.8 m apart, with 2.1 m between rows for a density of 2,645 plants per ha (EEA 1995). Maricongo, a popular plantain cultivar among farmers, was used in both plantings.
Pseudo-stem traps were placed between the two middle rows of each sampling unit following the technique described by Sponagel et al. (1995) . Sampling units consisted of four rows of four plants for a total of 16 plants per sampling unit. Twenty Þve traps were established in each Þeld for a total of 50 sampling units between the two planting dates. Traps were inspected twice per week, and adult weevils were counted. Upon inspection, the trap and adult weevils were removed from the experimental plot and disposed of at least 3,000 m from the experimental area. Adult weevils migrate short distances (Gold et al. 1999) . Sampling started 7 d after planting, ending 21 September 1998, when the planting was destroyed by a hurricane; therefore data, on population dynamics are presented for a new planting only. Data on weevil density was plotted against precipitation data for each month.
Results and Discussion
In total, 1,156 larvae were examined, including 11 neonate larvae collected from the petri dish oviposition study (Table 1 ). The natural log of head capsule widths plotted against the number of instars resulted in a geometrical progression ( Fig. 1; Table 1 ) as indicated by Gaines and Campbell (1935) . The regression equation is highly signiÞcant (P Ͻ 0.0008, r 2 ϭ 0.98). The growth ratio (Dyar 1890) decreased with each increasing instar number. The close Þt of the regression line, along with the calculation of Dyar (1890) constant, indicates that no instar was overlooked.
Thus, we concluded that under the conditions of our study, in Puerto Rico C. sordidus has Þve instars.
Our results are in agreement with Cendana (1922) and Beccari (1967) , indicating Þve instars for C. sordidus, but they are in disagreement with several authors that report on a variable number of instars ranging from six to eight (Mesquita et al. 1984 , Mesquita and Caldas 1986 , Schmitt 1993 , Koppenhofer and Reddy 1994 , Traore et al. 1996 , Gold et al. 1999 . The reason for the variable number of instars is not clear and cannot be explained with current data or knowledge of C. sordidus biology. Several factors are known to affect the number of instars, including developmental polymorphism (Schmidt and Lauer 1977, Gold et al. 1999) , biotypes (Ochieng 2002) , relative humidity and temperature (Schmidt and Lauer 1977) , and photoperiod (Fantinou et al. 1996) . However, Gold et al. (1999) suggested that available models of analysis might not be sufÞciently sensitive to discriminate late instars. In our study, Þfth instar mean head capsule widths were similar (1.9 mm) to both Þeld-collected (1.9 mm) and laboratory-reared (1.9 mm) larvae reported by Gold et al. (1999) , suggesting that the model was robust enough to discriminate late instars.
Mean head capsule widths (Table 1) indicate a greatest growth ratio (Dyar 1890) between the Þrst to second instar (Table 1) . Gold et al. (1999) reported the greatest growth ratio between the third and fourth instar for laboratory-reared C. sordidus and between the Þfth and sixth instar for Þeld-collected C. sordidus larvae. The differences in the growth ratio between our study and that of Gold et al. (1999) cannot be explained at present. Food quality, plant stage of growth, and the presence of polymorphism or biotypes can affect larval growth and size (Mesquita et al. 1984 , Mesquita and Caldas 1986 , Gold et al. 1999 , Ochieng 2002 .
The mean number of adult C. sordidus peaked during January, May, and November (Fig. 2) . The highest population was 2.4 adults per trap, whereas the lowest density was 0.7 adults per trap; these values represent 394 and 11.6 adults per ha respectively. An action threshold is not available for C. sordidus in Puerto Rico, but insect densities in our study are low compared with densities of 15 adults per trap reported by Smith (1982) and action thresholds for Hawaii of Þve adults per trap (Mau and Kessing 2005) . However, our results exceed the action threshold for South Africa where economic threshold values are one to two adults per trap (Govender and Viljoen 2004) . Gold et al. (1998) suggest caution in the use of threshold levels and adult densities as adult trap catches are affected by sanitation, crop age, presence of mulch, and weather conditions.
Incidence of adults seems to be associated with precipitation ( Fig. 2) with a higher number of adult weevils collected during precipitation events or shortly after. The preference of C. sordidus adults for shaded and humid areas has been documented by Roth and Willis (1963) and Gold et al. (1998) . Rainfall has been associated with adult activity and trap catches (Delattre 1980 , Gold et al. 1998 , suggesting that sampling for this insect should be intensiÞed after rainy periods or in areas with high humidity.
To our knowledge this represents the Þrst report on population dynamics and instar recognition for C. sordidus in Puerto Rico and the Caribbean basin. The data on number of instars and adult density and activity will help in the construction of life tables and development of IPM programs. Previous reports describing a variable number of larval instars, developmental polymorphism, or the presence of biotypes suggest that future work on C. sordidus in Puerto Rico should focus on the duration of each larval stage and population dynamics in a ratton crop.
